In the present study, some thiol surfactants were prepared. Polyester / (nano bentonite) nano composite (A), polyester/(5% nano Bentonite) / thiol surfactant (I) nano composite (B), polyester / (5% nano Bentonite)/thiol surfactant (II) nano composite (C) and Polyester/(5% nano Bentonite)/thiol surfactant (III) nano composite D were fabricated. The mechanical, thermal properties and morphological structure of fabricated composites were studied. The results showed that nano Bentonite powder / polyester composite improve these properties at 5% weight and begins to weaken as the filling ratios increased. However using thiol surfactants as additives to polyester / (nano bentonite) nano composites improve the thermal and mechanical properties of nano composites. But nano composite (D) gave the optimum thermal and mechanical properties which can be used in manufacture of drinking water pipes.
Introduction
Polyester resins are one of the most important matrix materials which can be used in the manufacture of glass fiber reinforced composites [Zaske, O. C., Goodman,H. S., 1998]. For many years, polyester composites have been used in very varied technologies, like naval constructions, off-shore applications, water pipes, building construction, automotive applications , etc. Polymer materials have many of benefits such as ease of production, lightweight and often ductile nature so there can be used in industry. However, they have some disadvantages, such as low modulus and strength compared to metals and ceramics. We can improve their properties to overcome these problems so natural materials can used such as clay, In this work, we use surfactants with functional derivatives as additive of nano composites for improvement of the mechanical and thermal properties of drinking water pipes. So we study the behavior of pure resin (polyester), nano bentonite (clay) and organo clay powders. Static tensile, compressive and flexural tests are first carried out on polyester and (nano bentonite (clay) and organo clay)/polyester composites to evaluate the mechanical properties. Also the thermal gravimetric analyses (TGA) carried out on all fabricated nano composites to evaluate their thermal properties.
Experimental

Materials and Chemicals
Materials
The resins used in this study was o-phthalic polyester resin obtained from Arab Company for Developed Materials of Egypt, it with medium viscosity as supplied by the manufacture. In addition, Bentonite was obtained from Beni suef /Egypt region. The raw bentonite with elemental composition contained montmorillonite as major element was used as filler material.
Chemicals
Chemicals used in this study and their specifications were illustrated in Table 1 . A mixture of alkyl halides with different alkyl chain lengths of (0.02 mol,4.42 gm) of 1-bromo decane, (0.02 mol,4.98 gm) of 1-bromo dodecane and (0.02 mol,6.1 gm) of 1-bromo hexadecane and (0.02 mol, 2.22 gm) of 2-mercapto pyridine in acetone (20ml) was refluxed at 40 ᵒ C for 5 hour. The reaction mixture was concentrated to evaporate acetone. The obtained precipitate was crystallized using mixture of benzene and petroleum ether 60-80% , then dried to obtain cationic thiol surfactants 1-decane,dodecane and hexadecane 2-mercapto pyridine-1-ium bromide (I,II and III) respectively as shown in Fig.1 
Preparation of Nano Bentonite
Nano-particles of bentonite have been prepared by nano-grinding bentonite as crushed to finer particles and sundried for 5 days to ease pulverizing and sieving. Then was ground to powder with the aid of mortar and pastle, and then sieved with a rota shaker to obtain 63 µ fractions to Suit API specification for local bentonite 
Fabrication of nanocomposite
Firstly, the drying conditions of filler is known to play a crucial effect on the process results, since nano bentonite is hydrophilic and the moisture can cause significant decrease in the thermal stability of nanobentonite and as a result decrease the synergistic properties between the polyester and nano bentonite. Thus, nano bentonite was dried at 80 o C before used in fabricating with polyester. Addition of cationic thiol surfactants (I,II and III) to nano bentonite give organo clay (I,II and III) respectively.
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A variety of fabricating nano composites specimens were prepared according to Table 3 . All fabricated nano composites were then left for 24 hour at room temperature, then specimens can be removal and the test specimens of required sizes were cut out from the sample sheet. 
Testing 2.4.1 Mechanical Properties
The prepared test specimens were subjected to static tensile, compression and flexural tests. All tests were performed at room temperature of 23 ᵒ C. In each test, five samples were tested and the average value was tabulated were carried out using 100 KN computerized AG-Shimadzu-Autograph Universal Testing Machine at testing speed was 1 mm /min.
Tensile testing samples were prepared in dumbbell shapes with dimensions as per [ASTM D638-14]. The samples were loaded in tension at a cross-head speed of 1mm/min to determine their tensile behavior. A three point flexural test was carried out to determine the inter laminar shear strength (ILSS) of the samples as per [ASTM D790-17].
The slow flexural test specimen has a rectangular cross-section, 9 mm width and thickness 4 mm and 100 mm length. Compressive test was carried out using testing machine at load rate of approximately 0.2 N/mm 2 S. The specimens were taken according to the standard specification [ASTM D695 -15] . The compression test specimen has a height equal to width and a width 20mm. 
‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ J. Sci. Res. Sci.,Vol.(35), 2018 ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬
278
Thermal properties analysis
The thermal characteristics of the polyester/filler fabrication nano composites were studied using thermal gravimetric analysis (TGA) (Shimadzu TGA-50). TGA was used to investigate thermal decomposition behavior of the nano composite fabrication.
Morphology analysis
The morphology of fabricated nano composites was studied using Inspect s model scanning electron microscope (SEM). SEM also used for studied the dispersion of filler particles in the fabrication of nano composites
Results and Discussion
In this study, a mixture of thiol surfactants based on 2-mercaptopyridine with alkyl halides with different alkyl chain lengths (I,II and III) were prepared according to the method in expermental part as illustrated in Fig. 1 .
Fig. 1 Synthesis of the cationic thiol surfactants (I,IIandIII)
A prepared thiol surfactants used as additive in the fabrication of polyester nanocomposites to evaluate their mechanical and thermal properties to be applied in the manufacture of drinking water pipes.
Mechanical Properties
The mechanical properties of all fabrication nano composites are shown in Table 4 . Tensile strength (TS) increased with increasing amount of nano bentonite at 2% weight, 5% weight and 10% weight about 2.5 %, 10% and 1.6% respectively compared with polyester resin which showed maximum at 5%weight, so we using thiol surfactants as additives to nano composites at 5 % weight.The tensile strength increased for 5% weight of (organo clay I, organo clay II and organo clay III) compared with polyester resin. The tensile strength of polyester base matrix was improved by about 11 %, 11.7% and 12.5 % respectively
Flexural strength (FS) increased with increasing amount of nano bentonite at 2% weight, 5% weight and 10% weight about 3.3 %, 11.94 % and 6.5% respectively compared with polyester resin which showed maximum at 5%weight, so we used thiol surfactants as additives to nano composites at 5 %weight.The flexural strength increased for 5% weight of (organo clay I, organo clay II and organo clay III) compared with polyester resin. The iimprovement of the flexural strength of polyester base matrix was about 12.23 %, 12.66% and 12.94 % respectively.
Also the same trend was clear for compressive strength (CS) which increased at 2% weight, 5% weight and 10% weight about 8.5 % , 20 % and 6% respectively compared with polyester resin which showed maximum at 5%weight, so we used thiol surfactants as additives to nano composites at 5% weight. The compressive strength increased for 5% weight of (nano bentonite, organo clay I, organo clay II and organo clay III) compared with polyester resin. The improvement of the compressive strength of polyester base matrix was about 20.14 %, 20.28% and 20.42 % respectively.
It was observed that, the mechanical properties were optimized at 5 % weight organo clay III content. 
3.2.Thermal gravimetric analysis (TGA)
The thermo gravimetric analysis showed the weight -loss of the nano composites at different weight (0%, 2%, 5%, and 10%) of nano bentonite as shown in Fig.2 . C to weight loss 50% of original weight of polyester. It is clear that the decomposition temperature of the nano composite shifted towards higher temperatures by loading 2% of weight of nano bentonite, but loading 5 % weight of nano bentonite shift to more higher temperature which indicating higher thermal stability of the nano composite due to high level of dispersion and improve thermal properties ,but after increasing up to 10% weight of nano bentonite shift towards lower temperature i.e. lower thermal stability due to high nano bentonite loading than 5 % weight sample exhibits a structure having large nano bentonite aggregates, which act as stress concentrators. It was observed that decomposition temperature of nano composite shifted towards higher temperature indicating higher thermal stability of nano composite up to 5% nano bentonite at 450°C, which lower 50°C than pure polyester.So using thiol surfactant as additives to nano composites at 5 %weight. The thermal gravimetric analyses (TGA) of adding (nano bentonite, organo clay I , organo clay II and organo clay III) show increasing in decomposition temperature and weight loss constant up to 300 °C when compared with pure polyester resin as shown in Fig. 3 . TGA curve showed adding the three thiol surfactants (I, II and III) to nano bentonite surface (organo clay I, organo clay II and organo clay III) respectively show increasing in decomposition temperature than nano bentonite only, which improved of thermal stability of nano composites.
It is clear that no significant change between two curves when adding thiol surfactants (I and II) to nano bentonite (organo clay I and II), but adding thiol surfactant III to nano bentonite (organo clay III) show higher thermal stability than (organo clay I and organo clay II). Fig.3 TGA of pure resin and nano composites containing different type of tested material at 5 % weight.
Morphology Analysis
Morphology analysis of all fabrication nano composite are shown in Fig.4 (a-g) . As shown in Fig.4 a , the morphology of pure polyester resin is very smooth and amorphous with small wider crack propagation lines. Adding 2% nano bentonite shows distances between the crack propagation lines are much smaller than the pure polyester due to nano bentonite start to mix with polyester but without good dispersion between them as shown in Fig.4 b. But by increasing nano bentonite to 5% wt. show a crack propagation lines disappeared but observe some flakes on the surface as show in Fig.4 c. On the other hand nano composite containing 10 wt. % of nano bentonite particles as shown in Fig.4 d shows poor adhesion and bonding were observed were not dispersed well and large aggregates on this surface results in easy crack propagation due to increase in nano bentonite particles correspondingly increases viscosity of the modified polyester which act as stress concentrators on the nano composite surface. This causes localized stresses on the surface of the clay leading to failure at mechanical properties at 10wt. % of nano bentonite. In case of adding of surfactants (I , II and III) to 5%wt. nano bentonite, it showed disappear of all flakes and decrease in interlayer space but observe a large accumulation decrease by increase alkyl chain of surfactant as shown in Fig.4 (e, f , g ) respectively. So in case of adding the longest alkyl chain (surfactant III) to 5%wt. nano bentonite shows surface with uniform appearance and more smooth structure which give maximum improvement of mechanical and thermal properties as shown in Fig.4 g. 
Conclusions
In this paper , thiol surfactants were prepared from the reaction of 2-mercaptopyridine with different alkyl halides with different alkyl chain lengths. The mechanical, thermal and morphological properties of all fabricated nano composites were studied. From the results obtained the following conclusions were reported:
1. It was observed that, mechanical properties were optimized at 5 wt. % organo clay III content in fabrication nano composite (D). When compared with pure polyester, it gave the following results. Tensile strength showed a 12.5% increase, flexural strength showed a 12.94% increase while the compressive strength showed a 20.42 % increase in strength. 2. The thermal gravimetric analysis (TGA) showed decomposition behavior of adding (nano bentonite, organo clay I , organo clay II and organo clay III) at 5% to polyester which show increasing in decomposition temperature and weight loss constant up to 300 °C when compared with pure polyester resin . It is clear that the best thermal stability of nano composite (D) which formed by adding thiol surfactant ( III) to 5% weight nano bentonite. 3. Morphology analysis revealed that excellent adhesion and interfacing between the polyester and organo clay (III) is the main reason for optimum improvement of properties. Finally nano composite (D) improved the mechanical and thermal properties of nano composites which leads to raise the efficiency of polyester resin and can be applied in the manufacture of drinking water pipes. Chemistry, 7, 32(2014) .
